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(71) We, INSTITUT PASTEUR, a 
Public Service Establishment, of 25 due du 
Doaeur Roux, Paris, France, do hereby de- 
• dare the invention, for which we pray that 
5 a patent nny be granted to us, and ±e method 
by which it is to be performed,' to be par- 
ticularly described in and by the following 
statement: — 

The present invention relates to an im- 
10 proved process for the preparation of adsorbed 
vaccines. 

The advantages of adsorbed vaccines are 
known. The concentrated form in which they 
may be present provides the advantage of only 

15 requiring a small space for their storage, 
\diilst it is possible to prepare, at any moment, 
from this form large quantities of vaccines in 
very little time; this is particularly valuable in 
the event of epidemics or other immediate 

20 necessity; the adsorbed preparations which 
remain stable for several years enable the con- 
trol of their dilution products to be consider- 
ably reduced, the necessary titrations having 
been carried - out on the concentrated pro- 

25 ducts. For these reasons the adsorbed vaccines 
have formed the subject of various works, not 
all of 5^ch have led to satisfactory results; in 
fact, the majority of adsorbants which hkve 
. been proposed have the drawback that they are 

30 irritants, that they -badly adsorb the antigens 
or that they are difficultly adaptable to the 
industrial st^e. Some progress has been made 
with the use of a calcium phosphate gel pre- 
pared by the known method of TiseHus, that 

35 is to say a gel formed of brushite the phos- 
phate whereof is in the form of 

CaHP0,.2HA 

However, even in this form the gel does not 
absorb sufficient antigens ' in all interesting 

40 cases and quite often its harmlessness leaves 
much to be desired. A further improvement 
has ameliorated the vaccines adsorbed on 
calcium phosphate gel, i.e. the one which 
forms ±e subject of Belgian Patent No. 

45 724,141 and which consists in precipitating 
the phosphate within a medium containing the 
antigen. 



The present invention desirably brings about 
an improvement in the preparation of a 
calcium phosphate gel which results in an 50 
appreciable " improvement over the adsorbed 
vaccines hitheno prepared The present in- 
vention enables very strongly adsorbing gels 's^ 
to be obtained. The injection of such adsorb- 
ing gels, prepared according to .±e invention, 55 
reduces or eliminates the possibility of irrita- , 
rions, or complications. Moreover, the novel 
calcium phosphate gel according to the inven- 
tion can be utilised for adsorption after hav- 
ing been prepared and in order to preserve its 60 
good qualities it need no longer be formed 
within a . medium containing the antigen. 

According to the present invention we pro- 
vide a process for the preparation of a vaccine 
adsorbed on a gel of calcium phosphate by 65 
contacting an antigen witii an aqueous gel 
obtained by the reaction between bisodium 
phosphate and calcium chloride, wherein a 
solution of calcium chloride in water is poured 
within less than 3 minutes into an equimolar 70 
amount of an aqueous solution of stirred bi- 
sodium phosphate, and wherein, with con- 
tinuing stirring, die pH of the mixture is 
adjusted, after the end of the calcium chloride 
addition, to a value of 6.8 to 7.2, the gel 75 
obtained being subsequentiy cleansed by sedi- 
mentation and decantation. 

The invention results from the surprising 
observation that the very rapid addition of 
the calcium salt leads to a calcium phosphate 80 
which differs from brushite and from dibasic 
phosphates which form when an aqueous solu- 
tion of calcium chloride is gradually added, 
with stirring, to a solution of bisodium phos- 
phate. In fact, the phosphate which constimtes 85 
the gel according to the invention has a 
chemical composition nearer to tricaldum 
phosphate Car((P0^)2 while the phosphates 
which have hitheno been used for vaccine 
adsorption had the composition of brushite 90 

CaHPO,.2H.O 

or near to this composition. When the mix- 
ing is effected at the elevated rate envisaged 
by the invention a pan of ±e phosphorus 
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ions remains in solution, the precipitate being 
richer in calcium than the theor}' would in- 
dicate, even if the proportions of the starting 
materials, bisodium • phosphate and calcium 

5 chloride, are equimolar. 

The molarity of the solutions used accord- 
ing to the invennon may advantageously be 
■ between 0,01 and 0.5, preferred values being 
from 0.05 to 0.1. Within these limits the 

10 aqueous solution of calcium chloride can have 
a concentration differing from^ that ■ of ±e 
bisodium phosphate but its volume is such 
that in the final mixture there is substantially 
1 mcl of ±e one per I moi of the other 

15 of the reagents. 

Although the duration of adding the calcium- 
salt to the bisodium phosphate may be up to 
three minutes, it is preferable for it not to 
exceed one minute. Excellent results obtained 

20 when one works with such volimaes that it is ' 
possible to poiir the aqueous solution of Caa2 
instantly into that of bisodium phosphate. 
Thus, with quantities of the order of 50 L 
it is possible to perform the mixing in a 

25 ume of 2 to 30 seconds. 

One practical way of operating consists in 
placing the solution of bisodium phosphate 
into a container or pan equipped with stirring 
means and to rapidly empty' into that container 

30 die contents of a reservoir containing the cor- 
responding volume of caldtmi chloride; during 
this operation the stirring means are running 
and stirring is continued after introduction of 
CaQ2 has been terminated. Especially favour- 

35 able results are obtained when using a 
vibrator but the agitation could also be 
effected by means of other devices such as a 
vane stirrer or a turbo-mixer. 
A further important characteristic of the 

40 new process resides in an adjustment of the 
pH of the mixmre obtained, as soon as 
possible after addition of the calcium chloride. 
At this moment, the pH is brought to a value 
equal to or very hear 7, more particularly 6.8 

45 to 7.2, the ran^c 7 to 7.2 being preferred. 
This adjustment, can be made with . the aid 
of a solution of sodium hydroxide the prer. 
f erred concentration whereof is between 0.1 N 
and IN. 

50 As mentioned above, adjustment of the pH 
should follow as quickly as possible the intro- 
duction of CaQi into the aqueous solution of 
bisodium phosphate; in. practice it is desirable 
for this adjustment to take place in less than 

55 10 minutes after preparation of the mixture 
To obtain bener results it is preferred to 
proceed as follows:—. 

For the adjustment of the pH to be im- 
mediate, i.e. it should take place during the 

60 30 to 90 seconds following preparation of the 
mixture. The above described operations are 
performed at temperatures which may vary be- 
tween 5° and 40®C; in practice they can be 
performed at ambient temperature. 

65 The mixture is then left to stand until the 



clear super-natant volume reaches 80 to 907-, 
of the tcftal volume. This' standing may be at 
ordinary temperature or in a freezer and it 
generally lasts 6 to 18 hours. The super- 
natant liquid is then decanted. 70 

Examination of the gel obtained and of the 
separated liquid shows that ail of the initial 
calcium is to be found in ±e phosphate pre- 
cipitate while a portion of the PO^ ions re- 
main in solution in the dear liquid accompany- 75 
ing the gel. This latter characteristic is an 
indication of a precipitate conforming to the 
present invention which leads to the novel 
phosphate gel close to tricalcium phosphate 
possessing tiie improved properties discussed 80 
above. 

After decantation of the clear liquid an 
0.4% to 0.9 '/o .solution of sodium chloride 
in water is added to the gd, the volume of 
this solution being of the same order or equal 85 
to that of the decanted liquid. The whole is 
mixed with the aid of a vibrator and again 
allowed to stand. The fresh layer of clear 
supernatant liquid is" in turn removed and 
again replaced by a similar solution of sodium 90 
chloride. This operation is optionally repeated 
a third time (or a total of two to four times 
altogether) to complete washing of the gel. 

Purification of the gel of calcium phosphate 
is of great importance. It has, in fact, been 95 
observed that the phosphorus ions present in 
the solution inhibit adsorption of certain anti- 
gens. According to the present invention 
adsorption is ameliorated by >elimination of 
these ions. This elimination is advantageously 100 
realised by the above described washing of the 
gel with a saline solution; preferably the 
washing is effected by dilution with an 
aqueous solution of NaQ followed by 
sedimentation; the operation is repeated 105 
several times if necessary. It is particularly 
recommended to use a solution of NaCl con- 
taining 4 to 9 g of dus salt per litre; in fact, 
±c final dilution of the vacdne with such a 
solution is favourable to the action of the 1 10 
vaccine. . 

The thus washed . final gd generally con- 
tains an amount of phosphate such that its 
phosphorus content oer litre is from 0.3 to 
1.5 g and preferably 0.7 to 0.85 g. The 115 
overall chemical analysis carried out leads, 
for the phosphate of the gd, to a composi- 
tion comprised between ihose of dicalduna 
and tricaldimi phosphates; in fatt one finds 
molar ratios Ca/PO'^ varying between 120 120 
and 1.45 and mainly between 1.25 and 1.38 
which corresponds to weight ratios Ca/P of 
1.55 to 1.90 and mainly 1.62 to 1.85; the 
ratio Ca/P by weight of brushite, 

CaHPO, . 2H2O 125 

being 129 and that of Ca.,(POJp 1.98 it is 
apparent that the overall composition of the 
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phosphate of the gel according to the inven- 
tion lies in the neighbourhood of 

CaHPO, . Cz,(PO,), 

wherein the Ca/P ratio is 1.72 (molar ratio 
5 Ca/PO, = 1.33). ' 

The gel obtained noay be sterilised in an 
autoclave at 120°C for one hour whereafter 
the pH is adjusted to ,6.8 to 7.2 and pre- 
ferably in ±e range of 7. to 7,2 so as to 

10 correct the lowering of the .pH towards 
approximately 6.5 which occurs during 
sterilisation. It is now ready to serve as 
adsorbent for various antigens in a manner 
known per se. It is to be well understood 

15 that the term antigen in the present descrip- 
tion includes all kinds of substances of 
microbial secretion, for example the 
anatoxine^ as well as whole micro-organisms 
such as bacteria, viruses or others, or cenain 

20 of their fractions. 

It has been noticed ^ that with the pre- 
cipitated phosphates ..according to ^ the inven- 
tion it is possible to make the gel adsorb one 
or several different antigens even when this 

25 gel has already previously a4s<Srbed another 
an tigen. Thus the presen'&v invention com- 
prises also the preparation oif^iaixed vaccines 
by addition of a calcium phosphate ^el which 
has adsorbed a specific antigen to a solution 

30 containing one or several other antigens. 

One or several kinds of antigens may be 
present in the precipitation medium, more 
particularly in the starting solution of 
bisodium phosphate; thus a gel containing 

35 adsorbed antigens is directiy obtained. After 
, separation of the mother liquors and wash- 
ings this gel is capable of additionally adsorb- 
ing other antigens; it is thus possible to 
obtain mixed adsorbed vaccines by successive 

40 operations ^e first of which is an adsorption 
in situ during the precipitation and the 
second and adsorption of already formed gel. 

The invention includes the aforesaid pro- 
cess wherein one or a plurality of antigens 

45 in aqueous medium are first adsorbed by 
mixing with the gel of calcium phosphate^ the 
resultant .gel is cleansed by sedimentation, 
separation of the supernatant liquid, and re- 
placement of the latter by a saline solution, 

50 once or several times, and in that when one 
or a plurality of antigens of a dSerent 
namre, also in aqueous medium, are adsorbed 
by the same gel which already contains the 
first antigen or antigens, and the gel so 

55 obtained is washed. 

The present invention will now be des- 
cribed with reference to the following 
exaniples- 

EXAMPLE 1 
60 Preparation of adsorbed inactivated polio- 
virus vaccines. 
To 50 1. of an 0.07 M solution of bisodium 



phosphate, continually stirred by means of a 
vibrator, 50 .1. of an 0.07 M • solution of 
calcium chloride are added in 28 seconds; the 65 
pH of the mixture is adjusted to 7.1 with a 
solution of normal sodium -carbonate, follow- 
ing the addition of the CaQ.. The 100 L of 
calcium phosphate gel thus obtained are left 
to stand until clearing of 85 1. of liquid; the 70' 
dear supernatant liquid is separated by 
siphoning and replaced by 85 1. of sterile 
aqueous solution containing 4 g/1. of NaQ.' 

A second washing is then rfEected by de- 
cantation of the saline liquid and a further 75 
addition of 85 1. of 4 g NaQ per litre of 
water. The 100 1. of suspension obtained are 
sterilised at 120*^C whereafter the pH is 
adjusted to 7; the product is left standing 
and then 85 1. of supernatant liquid are 80 
decanted. 

To 15 1. of eel remaining at the bottom 
of the vessel 100 1. of an aqueous solution of 
polyiomyelitis vaccine are added; the naixture 
is stirred for 30 minutes with the aid of a 85 
vibrator; the 115.1. of product are then left 
standing until formation of 100 L of clear 
supernatant liquid, the latter is next separ- 
ated which leaves 15 1. of suspension of 
calcium phosphate gel having adsorbed the 90 
polyiomyelitis vaccine. 

To the latter volume a further portion of 
100 1. of vaccine is added as on the first 
occasion. After vibration for 40 minutes a 
further decantation of 100 1, liquid is per- 95 
formed. 

To 15 1. of suspension of phosphate gel 
charged with antigens of polyiomyelitis re- 
maining after the decantation a third portion 
of 100 1. of the same polyiornyelitis vaccine 100 
is added as previously. After further vibra- 
tion for 45 minutes xht produa is left to 
stand and 100 L of supernatant Liquid are 
decanted, leaving 15 L of gel suspension. 

The latter thus results from 3 successive 105 
adsorptions of vaccine and constitutes a pro- 
duct with a high concentration of the latter. 
It should be noted that in the coune of the 
above mentioned decantations the super- 
natant, liquid was always inactive which 110 
proves that the vacdne had been completely 
adsorbed. 

To the 15 1. of suspension finally obtained 
a solution of 85 1 of '4 g/1 NaQ containing 
.25 p.p.m- hyamine is added. The mixture 115 
is again agitated by means of a vibrator; 
after standing 85 1. of liquid are decanted, to 
the 15 1. of finally obtained gel 85 1. of a 
4 g/1 NaQ solution containing 25 p,p.m. 
hyamine as preservative are added. The re- 120 
sultant vaccine is three times as concentrated 
as the initial vaccine and it is free of undesir- 
able constituents. 

As to the contents of calcium phosphate, 
this corresponds in the 100 1. of final product 125 
to 0.897 g/1. of elementary phosphorus and 
1.5 g/1. of calcium. Thus the weight ratio 
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Ca/P is 1.68 (atomic ratio 1.292) in the 
final gel, while at the beginning 1 moi CaQ2 
has been used per 1 of Na.HPO,., i.e. weight 
ratio Ca/P 1.29; in fact while all the Ca' has 
5 precipitated a- part of the phosphorus ion re- 
mained in solution in -the eliminated super- 
natant; 0.31 g of P per htre of clear hquid of 
the first decantauon were actually found. 

EXAMPLE 2 
10 Preparation of an anti-rabies vaccine. 

The operations are those of Example 1 but 
the poliomyelitis vaccine is replaced by a 
suspension of rabies virus obtained by culture 
on sheep's brain. First a homogeneous 
15 suspension of brain containing the virjs is 
prepared by grinding . or by any other 
metiiod. After the last decantation of super- 
natant liquid the latter is replaced by a solur 
tion of 9 g/L of sodium chloride. 
20 Simhar preparations are obtained by 
culmre of the. virus on the brain of suckling 
mice or by cellular oilture. 

EXAMPLE 3 
Preparation of a mixed vaccine. 

25 First a suspension of calcium phosphate is 
prepared as in Example 1 in situ in a 
solution containing diphtheria and tetanus 
vaccines. The 100 1. of suspension thus 
obtained are left to stand until 4/5 of the 

30 liquid has separated whereafter the clear 
supernatant liquid is removed. To the re- 
maining suspension of gel 100 1. of inactiv- 
ated polio-virus vaccine solution are added 
and the whole, is stirred for 30 minutes with 

35 the aid of a vibrator. After standing the 
supernatant liquid is again separated. Then a 
• further volume of 100 1. of the solution of 
inactivated polio-virus vaccine is added, stir- 
ring is renewed for half an hour and one 

40 decants so as to finally have no more than 
20 L of produa (this operation may be re- 
peated several times), which is then com- 
pleted with 80 L of 4 g/1 NaQ containing 
25 p.p.m. hyamine as preservative. 

45 ■ EXAMPLE 4 

Preparation of a mixed vacdne. 

Following the procedure of Example 1 
there are prepared 25 L of diphtheria vaccine 
adsorbed on calcium phosphate, having an 
' 50 antigen concentration 4 times greater dian the 
final product, 25 1. of tetanus vaccine of the 
same kind and concentration and 25 1. of 
similar poliomyelitis vaccine. The three 
volumes of 25 L are mixed., and 25 1. of 

55 calcium phosphate gel obtained as in 
Example 1 are added to the mixture. The 
result is a composite diphtheria - tetanus - 
poUomyehtis vaccine adsorbed on caldtmi 
phosphate gel. 



In another similar operation the 25 1. of 60 
phosphate gel are replaced by 25 1. of 
pertussis vaccine adsorbed on calcium phos- 
phate, ' having an antigen concentration 4 
times greater than the final product; a 
quadruple composite vaccine is thus obtained. 65 

EXAMPLE 5 
Mixture with a lyophilised vaccine. 

In this preparation 50 L of gel suspension 
which has adsorbed diphtheria and tetanus 
vaccines prepared according to one of the 70 
preceding examples are employed for absorb- 
ing a lyophilised live attenuated measles 
vaccine. After absorption of the lyophilised 
vaccine the mixture is ready to be injected. 

EXAMPLE 6 75 
Improving an adsorbed tetanus vaccine. 

A tetanus vaccine is prepared by adsorp- 
tion by means of a calcium phosphate gel 
formed in situ as in Example 1. To improve 
the quality, and avoid reactions of intolerance 80 
to which they often give rise, 100 1. " of 
vaccine is allowed to remain quiescent until 
85% of its voluihe can be decanted; the 
clear liquid is siphoned off and replaced by 
an aqueous solution of sodium chloride (4 85 
g/1) to which is added an antiseptic dilution. 
This operation is repeated a second time and 
the vaccine so obtained no longer gives any 
secondary reaction. 

EXAMPIJE 7 90 
Improving a premssis vaccine. 

Pertussis vaccines frequentiy contain, even 
after washing, baaeria, noxious substances 
which are badly adsorbed and which, after 
injection into the organism, can cause 95 
secondary reactions. These noxious sub- 
stances can, moreover, be secreted by the 
bacteria during ageing of the vaccine. In 
order to obviate these drawbacks die calcium 
phosphate gel having adsorbed pertussis 100 
vaccine is washed in the following manner. 

100 ml of suspension of the adsorbed 
vaccine are left in a cool chamber for 48 
hours. All the dear supernatant liqiud is 
removed and replaced by a saline solution of 105 
9. g NaQ per litre containing a suitable dose 
of antiseptic. Tbe yellowish supernatant 
liquid which has been eliminated contained 
noxious substances; its replacement by the 
saline solution has rendered the vaccine far 110 
more safe and inoffensive. 

In another similar preparation the initial 
suspension was left in the cool chamber for 
5 weeks; only then is the aboye described 
treatment carried out. In this manner the 115 
treatment has not only eliminated the noxious 
substances which were initially present but 
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70 



75 



80 



10 



30 



35 



also those which the adsorbed microbes had 
secreted during the 5 weeks of ageing. 

EXAMPLE 8 
Four preparadons of diphtheria vaccine are 
made under condidons analogous to those 
of Exaniple 1, the inactivated polio- virus 
vaccine soiudon being replaced by that of 
diphtheria toxoid. In each case 1 litre of 
bisodium phosphate solution of 0.07 to 
0.0735 iVl concentration containing the toxoid 
and 1 litre of 0.07 to 0.0735 M CaQ. solu- 
tion were naixed. The laaer is poured into 
the former over a period which differs for 
each of the operations A to D with stirring. 



A 
B 
C 
D 



10 seconds 
:10 minutes 
20 minutes' 
30 minutes 



Following precipitation of the calcium 
phosphate the pH of the aqueous suspension 20 
obtained is measured and then brought to 
the identical value of 6.85 in each of the 
four cases by addition of IN NaOH. 

The results of determinations of the speed 
of decantation and of various analyses per- 25 
formed on the suspensions A to D are given 
below. 



TABI£ I 



Preparation 

A 
B 
C 
D 



pH 



at the end of 
precipitation 

5.7 
6.5 
6.0 
6.05 



ml of IN NaOH required per 
Htre of suspension to bring 
the pH to 6.85 

14.8 
12 
7.0 
52 



■ 85 



90 



95 



100 



105 



110 



115 



It is apparent that the suspension obtained 
by an extremely rapid precipitation (A) has 
the lowest pH. 
After adjustment of the pH the speed of 

40 sedimentation is measured on 50 ml of eafh 
of the. suspension A to D stirred again. These 
measurements are effeaed at 20°C in 
graduated test tubes of 125 mm height (2.5 
mm height per ml of capacity). The foUow- 

45 ing levels of clear liquid are found after the 
interval indicated in table IE. 

' TABLE n 
Level in mm of clear liquid 
as function of . time 



50 


Tiines 


A 


-B 


C 


D 




5 minutes 


2.5 


48 


48 


57 




10 minutes 


3.8 


82 


83 


89 




20 minutes 


6.3 


92 


91 


95 




1 h 15 


21.2 


100 


95 


105 


55 


17 hours 


85.0 


105 


105 


109 



It follows from these measurements that 
the speed of sedimentation of the suspension 
(A) of the invention is much slower than 
that of suspension (B, Q D) prepared in 

60 conventional manner, i.e. by progressive addi- 
tion of CaQj to a solution of bisodium 
phosphate. The sedimentation of the suspen- 
sion A is roughly 20 times slower than that 
of suspensions" B, C or D during the first 10 . 

65 minutes. 

Other tests have led to the observation 
that, according to the invention, the gels 
of calcium phosphate have improved qualities 
when their aqueous suspensions, substantially 

70 0.035 molar (about 1.4 g Ca/l. and 1.08 g 



P/L) clear from 1 to 20 mm, and preferably 
from 2 . to 10 mm, during the first ten 
minutes* at 20*^C; vaccines which are par- 
ticularly well adsorbed and easy to inject 
are obtained vrith suspensions of vypc A 
clearing no more than 6 mm in 10 minutes. 

The sedimentation rates of gd A of Table 
n have virmally not varied after one or two 
washings, by decantation, of this gel with a 
solution of 4 g NaQ per Htre water. 

Having adsorbed diphtheria toxoid during 
their above described preparation the 
suspensions of gels A, B, Q D contain 120 
flocculation units (Uf) per ml. Following 
their sedimentation their activity is deter- 
mined by the flocculation method of 
Ramon, on the decanted liquid, which gives 
the following* results : 



A 
B 
C 
D 



0 

50 Uf/ml 
5 Uf/ml 
7.5 Uf/ml 



. It can thus be seen that the phosphates 
B, C and D leave unadsorbed toxoid (5 to 
50 Uf/ml) while the gel according to the 
invention adsorbs it integrally. 

On the other hand, washing of die gel A 
by decantation with an aqueous solution of 4 
g NaCl per litre does not cause the 
appearance of the toxoid in the saline solu- 
tion, either iter one or after two washings. 

Analyses of whole , suspensions A to D, of 
the decanted liquids and of the gels thein- 
sdves have produced the results tabulated in 
Table III which follows. In this table the 
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contents of Ca and P are expressed in g/lin-e; separated^rom the precipitated phosphate by 

that is to say on the one hand for the stirred, sedimentation; and finally for a suspension 

endre suspension as obtained after pre- brought back to its initial volume by replac- 

cipitation and adjustment of the pH to 6.85; ing the decanted liauid by distilled water, 

on the Other hand for the clear liquid The Ca/P ratios in Table EI are by weight. 

TABLE m 



10 



15 



20 







A 


B 


C 


D 


Time of CaQ, addition during 










precipitation 




10 sec 


lOmin 


20 min 


30 min 


Ca/P ratio of reagents utilised 


1.32 


1.28 


1.28 


1.34 


whole initial. 


Ca 


1.409 


1.468 


1.428 


1.438 


Suspension 


P 


1.070 


1.150 


1.120 


1.070 


Decanted liquid 


Ca 


0.026 


0.068 


0.040 


0.046 




P 


0.315 


0.117 


0.197 


0.172 


Gel separated 


Ca 


1.383 


1.400 


1.388 


1.392 


foiD its liquid 


P 


0.755 


1.033 


0.923 


0.898 


and resuspended in water Ca/P 


1.83 


1.35 


1.51 


1.55 



These results demonstrate that the very 
rapid preciptation (A) leads to a liquid 

25 medium containing less of Ca and many 
more phosphorus ions than, the liquids of the. 
conventional precipitations (B, Q D), on the 
other hand the precipitated phosphate is 
much more rich in caldimi: Ca/P ratio = 

30 1.83 against 1.35 to 1.55, Although from 
the point of view of its composition the 
-phosphate D comes near to the lower limit 
(Ca/P =1.55) of that of the invention, it 
nevertheless differs greatiy therefrom in its 

35 physico-chemical properties : it has been seen 
above that its sedimentation rate in 10 
minutes is 89 mm, Le. 23.5 times that of the 
gel A which is due to a granular structure 
detrimental to parenteral administration. It 

40 has also been seen that the adsorption 
capability of the phosphate D is poor. 

When the gd of phosphate A has been 
subjected to two washings with 4 g/1. NaQ 
in the manner described at the beginning of 

45 Example 1 and its suspension has been 
brought back to the initial volume no more 
than 0.06 g P/litre is found in its clear 
liquid; the content of Ca therein is 0.03 g/1. 
The thus lowered concentration of phos- 

50 phorus ions is no longer inconvenient since 
the precipitated phosphate has virtually the 
same composition as prior to the washings; 
in fact, a weight ratio Ca/P of 1.81 is found, 
against 1.83 prior to washings. In the 

55 aggregate, Ca/P =1.8 would correspond to 
2(Can(P0,), . CaHPO,. 

Although the phosphate concentration in 
the vaccines according to the invention can 
. vary within wide limits it is generally 

60 virtually such that there are 1 to 2 ? of Ca 
and 0.56 to 1.48 g of P per litre. However, 
and this is an advantage of the invention, the 
vaccine can be preserved in the form of a 
stable concentrate consisting of a phosphate 

65 gel of about 5 to 20 e . of Ca and, res- 
pectively, about 2.8 to 14.3 g of P per litre. 



WHAT WE CLAIM IS: — 

1. A process for the preparation of a 
vaccine adsorbed on a gel of calcium phos- 
phate by contacting an antigen with an 
aqueous gel obtained by the reaction between 
bisodium phosphate and calcium chloride, 
wherein a solution of calcitmi chloride .in 
water is poured within less than 3 minutes 
into an eqtiimolar amoimt of an aqueous solu- 
tion of stirred bisodium phosphate, and 
wherem, with continumg stirring, the pH of 
the mixture is adjusted, after the end of the 
calcium chloride addition, to a value of 6.8 
to 72, the gel obtained being - subsequentiy 
cleansed by sedimentation and decantation. . 

2. Process according to claim 1, wherein 
each of the two mixed solutions has a salt 
content corresponding to 0.01 M to 0.5 M and 
preferably to 0.05 M to 0.1 M, the respective 
volumes of these solutions used being such 
that substantially 1 mol of Na2HP04 is pre- 
sent per 1 mol of Caa2. 

3. Process according to- claim 1 or 2, 
wherein the addition of calcium chloride is 
effeaed in an interval of 2 to 30 seconds, 

4. Process according to any one of claims 
1 to 3, herein the operation is performed at 
a temperature of 5° to 40°C 

5. Process according to any one of claims 
1 to 4, wherein the reaction mixture is left 
to stand until 80 to 90% of its total volume 
has separated as a supernatant layer of dear 
liquid which is then removed, these stand- 
ing and removal operations preferably being 
repeated two to four times. 

6. Process according to claim 5, wherein 
the clear liquid which has been removed is 
replaced by a solution of Nad, preferably of 
concentration 4 to 9 g per litre." 

7. Process according to any one of daims 
1 to 6, wherein one or a plurality of antigens 
in aqueous medium are first adsorbed by 
mixing with the gel of caldtma phosphate, 
the resultant gd is cleansed by sedimentation 
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separation of die supernatant liquid, and re- 
placement of the latter by a saline solution, 
. once or several times, and in that then one 
or a plurality of antigens of a different nature, 
5 also in aqueous medium, are adsorbed by the 
same gel which already contains the first 
antigen or antigens, and the gel so obtained 
is washed. 

8. Process according to Qaim 7, wherein- 
10 the first adsorption tai:es placevby precipita- 
tion of calcium phosphate within a solution 
of bisodium phosphate containing the antigen 
or antigens. 

9. Vaccine adsorbed on calcium phosphate 
15 in the form of an aqueous gel, wherein the 

ratio of ±e weight of calcium to that of phos- 
phorus combined in the phosphate is from 
1.55 to 1.90 and preferably from 1.62 to 
1.85. 

20 10. Vaccine according to claim 9, wherein 
. its contents of Ca is 1 to 2 g/1 and that of 
P is 0,56 to 1.48 g/1, respectively. 

11. Vaccine according to claim 9 or 10, 
wherein it contains 5 to 20 g of Ca and 2.8 to 

25 14.3 g of P per litre respectively. 

12. Aqueous gel of calciuni phosphate 
wherein the calcium and the phosphorus con- 
tained therein are combined in weight ratios 
Ca/P of 1.55 to 1.90 and preferably of 

30 1.62 to 1.85. 

13. Gel according to claim 12, wherein it 



contains 5 to 20 g of Ca per 2.8. g to 14.3 g 
of P per litre. 

14. Adsorbed vaccine according to cl aim 

10, wherein the level of its hquid which 35 
sediments in 10 minutes is from 1 to 20 mm 
at 20° C and preferably from 2 to 10 mvn^ for 
an increased suspension of gel of which the 
concentration is approximately 0.035 moles 
of phosphate per litre. 40 

15. Gel according to claim 12, wherein 
the level of its liquid which sediments in 10 
minutes at 20°C is from 1 to 20 mm^ for an 
increased suspension of gel of which the 
concentration is approximately 0,035 moles 45 
of phosphate per litre. 

16. A concentrate of vaccine, substantially 
as described herein. 

17. An aqueous gel as claimed in claim 12, 
substantially as hereinbefore described. 50 

18. A process as claimed in claim 1, sub- 
stantially as hereinbefore described. 

19. A process for the preparation of 
vaccine, substantially as described in any 
one of the examples. 55 

For the Applicants; 
MATTHEWS, HADDAN & CO., 
Chartered Patent Agents, 
33 Elmfield Road, 

Bromley, 
Kent, BRl ISU. 
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